Abstract. In this work, pure aluminium powders of different average particle size were compacted, sintered into discs and tested for mechanical strength at different strain rates. The effects of average particle size (15, 19, and 35 µm), sintering rate (5 and 20 °C/min) and sample indentation test speed (0.5, 0.7, and 1.0 mm/min) were examined. A compaction pressure of 332 MPa with a holding time of six minutes was used to produce the green compacted discs. The consolidated green specimens were sintered with a holding time of 4 hours, a temperature of 600 °C in an argon atmosphere. The resulting sintered samples contained higher than 85% density. The mechanical properties and microstructure were characterized using indentation strength measurement tests and SEM analysis respectively. After sintering, the aluminium grain structure was observed to be of uniform size within the fractured samples. The indentation test measurements showed that for the same sintering rate, the 35 µm powder particle size provided the highest radial and tangential strength while the 15 µm powder provided the lowest strengths. Another important finding from this work was the increase in sintered sample strength which was achieved using the lower sinter heating rate, 5°C/min. This resulted in a tangential stress value of 365 MPa which was significantly higher than achieved, 244 MPa, using the faster sintering heating rate, 20 °C/min.
Introduction 1
Pure aluminium has many important applications in consumer products, electrical and electronic 2 engineering, and structural engineering [1] - [4] . In consumer products, aluminium is most noted in packaging 3 applications. Due to its effect as an impermeable barrier and its non-toxicity, pure aluminium is widely used in 4 packaging applications [5] , [6] . Aluminium is one of the lightest engineering metals, having a strength to weight 5 ratio superior to steel, however alloying with other elements is necessary to provide the higher strengths needed 6 for structural applications. In this study, aluminium alloys with less than 1% alloying elements are considered as 7 pure aluminium. Aluminium alloys based around pure aluminium predominantly, are used in automotive, 
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In electrical engineering, pure aluminium is used instead of copper in power line applications due to it 14 being more than three times less dense. While aluminium delivers 65% the conductivity of copper, it provides 
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Here in this contribution, we present a study on the mechanical strength of pure aluminium compacts 23 produced using cold compaction followed by inert atmosphere furnace sintering. The powder metallurgy route of 24 cold compaction followed by furnace sintering was recently used to provide densities of sintered specimens at 25 88% [17] . A number of studies have been performed to reduce the high number of steps required by HIP, hot 26 extrusion, vacuum hot pressing and hot-rolling [18] [19] [20] [21] [22] , nevertheless the cold P/M route is preferential for 27 providing pure and exact materials compositions, without the need for a high-cost facility. The P/M route can 28 produce near net shape components with fine and uniform microstructure [23] . It can also provide better thermal 29 stability as well as increased corrosion and tribological properties compared to alternative production techniques 30 [24] . However, a number of complexities need to be overcome during the process of direct pure aluminium 31 powder compaction and sintering. These complexities arise mainly because of the existence of a firm and intense 32 oxide layer covering the powder particles. This oxide layer leads to a reduction in both compressibility, thermal 33 conductivity and ultimately in the ability to sinter these powders [25] .
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For a specific P/M processing method, the strength of pure aluminium compacts must be established as a 35 base point of comparison before final applications and including applications requiring reinforcement are 36 3 examined. This would provide a better fundamental understanding of how these additions can contribute to the 37 overall material properties and final applications of these P/M parts as light, corrosion resistant, or strong high 38 temperature materials. As such the main objective of this study was to synthesis pure aluminium disk specimens 39 with powder metallurgy and correlate the process parameters with the resulting mechanical properties.
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Experimental procedure 41
Materials 42
Aluminium powders with an average particle size of 15 μm, 19 μm and 35 μm were purchased from 43 commercial sources (Goodfellow Ltd. and East Coast Supplies Ltd.) as shown in Figure 1 and detailed in Table   44 1. Confirmatory particle size measurements were performed using a Malvern Mastersizer S. With the as-received 45 pure powder, disk shaped specimens were made using cold compaction and consolidation sintering. D90 values 46 for this powder were found to be <60μm. All experimental measurements were recorded three times, n=3.
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Average results values and 95% confidence intervals were calculated and presented. 
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The theoretical solid density of pure aluminium is 2.7 g/cm 3 while that of the loose powder used in this 94 research is about 1.43 g/ml (approx. 70 ml for every 100 g of aluminium powder). The density of the green Endo   1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 The nominal melting point for pure aluminium is 660.3 °C but this value is influenced by many factors,
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Results and discussion
210
In this work, the P/M route was used to produce pure aluminium disk samples from powders of mean 
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MPa. It was observed that the significant higher radial and tangential stress were achieved for the 35 µm mean 221 powder particle size samples produced with the lower heating rate of 5 °C/min.
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Robust sintering was achieved from the three aluminium particle sizes, as was observed from the analysis of the 223 SEM images obtained for each surface. The SEM images of the lower particle size fracture sample surfaces, Fig.   224 9(a) and 9(b) showed more porous surfaces than was observed from the samples produced from the larger 
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The mechanical strength of the samples was found to be dependent on the sintering heating rate. The highest 234 radial and tangential strengths were found for the largest particle size and the lower heating rate of 5°C/min. It is 235 conjectured that the lower heating rate allowed time for atomic diffusion. Indentation testing results from the 236 samples with the 35μm particles sintered using a heating rate of 5°C/min exhibited the highest ductility and load 237 bearing capability (400 MPa at 5 mm) across the three loading rates tested. The error bars are however higher for 238 the 35 μm particle samples produced with a sintering rate of 5°C/min. The increased error bars for the slow 239 heating rate are presumed to be due to the enhanced period for gas adsorption and entrainment within the 240 aluminium. Even small concentrations of gases such as oxygen adsorption could lead to significant increase in 241 sample porosity and hence reduction in sample mechanical properties.
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